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The  study  investigated  whether  infant  siblings  of  children  with  autism  (sibs-ASD)  process
familiar and  novel  faces  differently  from  typical  infants  and  whether  sensitivity  to  face
familiarity  is  associated  with  infants’  social  and  communicative  behaviors.  Visual  event-
related potentials  (ERPs)  were  recorded  in  35  infants,  age  9  months  ± 15  days  (20  typical
infants,  15  sibs-ASD)  using  an  oddball  paradigm  presenting  photographs  of  infants’  mothers
(70% of  trials)  and  an  unfamiliar  female  (30%  of trials).  Eye  tracking  responses  to a different
unfamiliar face were  recorded  to  determine  whether  differences  in  gaze  patterns  might
account  for  any  ERP  differences  found.  There  were  no  group  differences  in  the  distribution,
number  or  duration  of ﬁxations.  Both  infant  groups  differentiated  between  mothers  and
strangers, as  reﬂected  in amplitude  modulations  of posterior  N290/P400  and  frontal/central
Nc  responses.  Group  differences  were  present  in  the  latency  of  the  P400  response,  where
a delayed  response  to  the  stranger  face was  observed  only  in typical  infants.  Across  both
groups, shorter  Nc  latency  to  mother’s  face  was  associated  with  parental  reports  of stronger
interpersonal skills.  Individual  differences  in  the  speed  of  processing  for  novel  vs.  familiar
faces may  be  an  informative  early  marker  of  risk  for atypical  social  development.
© 2011 Elsevier Ltd. All rights reserved.. Introduction
Current prevalence estimates for autism spectrum dis-
rders  (ASD) are reported to be 1 in 110 children (CDC,
009). Because early intervention programs can result in
igniﬁcant  gains in cognitive, language, behavioral, and
ocial  functioning of children with ASD (Committee on
ducational Interventions for Children with Autism, 2001;
arris  and Handleman, 2000; Rogers, 1998; Zwaigenbaum
t al., 2007), the early identiﬁcation of children with autism
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oi:10.1016/j.dcn.2011.12.003has received a great deal of research attention. One strat-
egy  that has become increasingly popular is the prospective
study of infant siblings of children with ASD (sibs-ASD),
as their recurrence risk for receiving an autism spectrum
diagnosis could be as high as 20% (Elsabbagh and Johnson,
2010; Landa and Garrett-Mayer, 2006; Ozonoff et al., 2011)
and  may  thus yield information about early markers of
the  disorder (Ozonoff et al., 2010; Rogers, 2009). How-
ever, the outcomes of these high-risk infants are quite
variable, and include not only typical development and
ASD,  but also a “broader phenotype,” observed in 10–37%
of  this group (Bolton et al., 1994; Constantino and Todd,
2000; Zwaigenbaum et al., 2005), who demonstrate behav-
ioral  features that resemble the symptoms of autism (e.g.,
social  awkwardness, language symptoms) but do not reach
clinically  elevated levels (e.g., Zwaigenbaum et al., 2005;
Landa  and Garrett-Mayer, 2006). The heterogeneity seen
al CogniA.P.F. Key, W.L. Stone / Development
in the sibs-ASD group is thought to hold important clues
for  understanding the genetic mechanisms underlying the
etiology  of the disorder.
The  ability to remember and recognize faces is impor-
tant for successful social functioning (Ellis and Young,
1998; Schults, 2005), and emerges very early in develop-
ment. Newborns learn quickly to recognize their mother’s
face  based on external and internal features (Pascalis et al.,
1995),  ﬁve-week-old infants can recognize their mother’s
face  from internal features alone (Bartrip et al., 2001), and
six-month-olds may  engage different brain mechanisms to
recognize  their mother among strangers, depending on the
difﬁculty  of discrimination (de Haan and Nelson, 1997). Yet
children  and adults with autism are often reported to have
difﬁculties with face processing (e.g., Blair et al., 2002; de
Gelder  et al., 1991; Gepner et al., 1996; Klin et al., 1999;
Williams et al., 2005), including slower habituation to novel
faces  (Webb et al., 2010) and poor recognition of famil-
iar  faces (Boucher et al., 1998; Dawson et al., 2002; Klin
et  al., 1999). Moreover, deﬁcits appear to be more pro-
nounced in younger children with autism (Klin et al., 1999;
Langdell,  1978). Face processing ability also has been corre-
lated  with social competence in persons with ASD (Dawson
et  al., 2005; Deruelle et al., 2004; Klin et al., 1999; Schultz
et  al., 2003; Teunisse and de Gelder, 2003; Volkmar et al.,
1989).  Therefore, examining face recognition processes in
infants  may  be an informative approach to ascertaining risk
for  atypical social development.
Traditional  behavioral assessments of face recognition
may  not be suitable for use with infants because they
require participants to comprehend instructions and pro-
vide  overt responses. Infant preferential looking paradigms
may  also be not sufﬁciently sensitive to individual differ-
ences  (de Haan and Nelson, 1997). In contrast, recordings of
electrical  brain activity do not require behavioral responses
and  can be obtained at much younger ages. Several previ-
ous  studies have successfully used event-related potentials
(ERPs) to document recognition memory and/or face pro-
cessing  in typical infants (e.g., Courchesne et al., 1981; de
Haan  et al., 2003; Key et al., 2009; Nelson and Collins,
1992; Reynolds and Richards, 2005; Scott and Nelson,
2006) and more recently, in sibs-ASD (Elsabbagh and
Johnson, 2010; McCleery et al., 2009; Luyster et al.,
2011).
ERPs represent a portion of the ongoing brain activ-
ity time-locked to a stimulus presentation (e.g., picture of
a  face) and reﬂect the change in that activity associated
with stimulus processing (Fabiani et al., 2000). Inferences
about stimulus familiarity can be made by comparing brain
responses  to familiar (e.g., mother) or familiarized faces
(e.g.,  frequently presented unknown faces) with responses
to  unfamiliar faces (e.g., strangers; infrequently presented
novel faces). Existing ERP studies in children and adults
with  ASD reported slower than typical brain responses
to faces (delayed N170 latencies; McPartland et al., 2004;
Hileman et al., 2011) and no familiarity effects on ampli-
tude  of face-elicited ERP responses (P400 and Nc; Dawson
et  al., 2002). More recently, Webb et al. (2011) demon-
strated increased P400 and Nc responses to familiar vs.
novel  faces in 18–30-month-old children with ASD that
resembled ERPs of chronologically younger typical childrentive Neuroscience 2 (2012) 244– 255 245
matched on social ability, suggesting delayed rather than
atypical  face recognition processes.
In samples of infants under 12 months of age, ERP stud-
ies  of face familiarity have most commonly examined the
fronto-central Nc and the posterior N290/P400 responses.
In  typical 4–7-month-old infants, Courchesne et al. (1981)
noted  that the more familiar face (i.e., the one presented
more frequently) was associated with a smaller anterior Nc
response  with shorter latency than the novel (infrequent)
face. However, Nelson and Collins (1991, 1992) argued that
the  Nc response may  reﬂect not just stimulus recognition
due to familiarity but also a general orienting of attention
to  a rare novel event because the Nc modulation could be
eliminated by manipulating the relative familiarity of the
frequent  and infrequent stimuli. More recently, Reynolds
and  Richards (2005) replicated and extended these ﬁndings
in  a sample of 5–8-month-olds by including an extended
familiarization protocol and an infrequent familiar face in
addition  to an infrequent novel stimulus to demonstrate
that the increased amplitude of the Nc response to the
novel  face was due speciﬁcally to stimulus novelty and not
just  its low probability.
Familiarity-related effects in infant ERPs were also
reported for the posterior N290/P400 responses, thought to
be  a developmental precursor of the adult N170 response
(de  Haan et al., 2003). A longer N290 latency has been
observed for habituated faces than for novel faces in typ-
ical  8-month-olds (Scott and Nelson, 2006), and a larger
N290  as well as a smaller P400 amplitude were recorded
for novel than familiar faces in 9-month-olds (Scott et al.,
2006).  Novelty-related effects were observed for the ampli-
tude  and latency measures of N290/P400 components in
typical  9-month-olds even when familiar and novel faces
differed  only in a single feature (i.e., eyes or mouth; Key
et  al., 2009).
In  light of the reported ﬁndings indicating that both
novelty detection processes (indexed by Nc) and face-
speciﬁc perceptual mechanisms (reﬂected by N290/P400
responses) may  be sensitive to face familiarity, recording
infants’ brain activity in responses to their mother’s (i.e.,
an  extensively familiar) face compared to a stranger’s (i.e.,
novel)  face would provide a good opportunity to exam-
ine  face recognition processes in sibs-ASD. Although a
recent  study in 10-month-old typical infants and sibs-ASD
reported no stimulus familiarity effects on ERP responses
to  faces or objects presented equally often in the same
paradigm (McCleery et al., 2009), another study speciﬁ-
cally  examining face recognition in 12-month-old sibs-ASD
and  typical infants reported an increase in Nc mean ampli-
tudes  to strangers compared to mother faces but no group
differences (Luyster et al., 2011).
It is possible that discrepant ﬁndings regarding group
differences in ERP measures of face perception are
attributable to differences in infant face scanning behav-
iors  (e.g., ﬁxating on more or less relevant features of the
stimuli). A number of prior studies reported evidence of
atypical  distribution of ﬁxations on face stimuli in children
and  adults with ASD compared to their typical peers (see
Jemel  et al., 2006 for review; but see also Bar-Haim et al.,
2006;  Rutherford and Towns, 2008). In sibs-ASD, reduced
eye  contact was present by 12 months in those later
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Table 1
Means (SDs) for sample characteristics.
TD (n = 20) Sibs-ASD (n = 15) p-Value
Age (days) 270.05 (10.92) 277.93 (14.88) .10
Receptive
communicationa
15.41 (2.15) 14.47 (2.10) .29
Expressive
communicationa
14.60 (1.85) 12.38 (1.96) <.00146 A.P.F. Key, W.L. Stone / Development
eceiving the diagnosis (Zwaigenbaum et al., 2005). The
nly  eye tracking study in sibs-ASD used mother’s faces
n  a still-face paradigm to examine infants’ face scanning
ehaviors at 6 month of age (Merin et al., 2007). While
here were no signiﬁcant group differences between the
ypical  infants and sibs-ASD, the authors did note greater
requency of ﬁxations on the mouth in the high-risk group,
et  this observation was not predictive of the ASD diagnosis
Young et al., 2009). No study to date has examined differ-
nces  in face scanning in combination with ERP measures
f  face processing.
The  purpose of the present study was to investigate
hether: (1) 9-month-old sibs-ASD process familiar and
ovel  faces differently from typical infants, as reﬂected
n  ERPs; and (2) individual differences in face recogni-
ion are associated with infants’ social and communicative
ehaviors. We  hypothesized that discrimination of famil-
ar  vs. novel faces would be associated with differences in
he  amplitude and latency of the anterior Nc and poste-
ior  N290/P400 responses, with typical infants evidencing
reater discrimination than sibs-ASD. Furthermore, such
iscrimination effects were expected to correlate with
arental reports of communicative and interpersonal skills.
n  addition, to facilitate interpretation of the potential
roup differences in ERPs to familiar vs. novel faces, our
tudy  design included eye tracking to a stranger’s face to
xamine  whether sibs-ASD and typical infants looked at
ifferent  parts of the face stimuli. The decision to focus on
-month-olds was motivated by the fact that infants at this
ge  have already acquired sufﬁcient expertise with human
aces  (Schwarzer et al., 2007; Pascalis et al., 2002), while
till  developing social and communicative skills.
. Method
.1. Participants
A  total of 35 infants, age 9 months, and their moth-
rs participated in the study. The typical group included
0 infants (7 females; M age = 270.05 ± 10.92 days). All
nfants in this group were reported to have typical devel-
pment and no family history of developmental disorders,
ncluding no ﬁrst-degree relatives with an ASD diagno-
is.  The sibs-ASD group included 15 infants (5 females; M
ge  = 277.93 ± 14.88 days) who had an older sibling diag-
osed  with ASD. Diagnoses of older siblings were made
y  licensed psychologists, and 11/15 (73%) of the sample
eceived the ADOS either alone or in combination with the
DI-R  to support the clinical diagnosis. Data were collected
rom  an additional 5 typical infants and 2 sibs-ASD, but
ere  excluded from analyses due to insufﬁcient number
f  ERP trials retained after artifact detection. The two  par-
icipant  groups did not differ in proportion of males, age,
eceptive communication or interpersonal skills; however,
he  typical group had higher expressive communication
kills as reported by parents using Vineland Adaptive
ehavior Scales-II Parent/Caregiver Rating Form (VABS-II;
parrow et al., 2005). Summary statistics for the study sam-
le  are presented in Table 1. Mothers of all infants providedInterpersonal
relationshipsa
14.33 (1.59) 13.31 (2.02) .11
a v-scores from the VABS-II; mean = 15, SD = 3.
written informed consent. The study was prospectively
reviewed and approved by the Institutional Review Board.
2.2.  Study procedures
All  data were collected in a single visit, with the eye
tracking procedure preceding the ERP recording. The eye
tracking  paradigm was kept brief to avoid excessive famil-
iarization with the stimuli that could have attenuated
infants’ attention to the stimuli in one of the two  ERP tasks
(facial  feature processing, not described here) included in
the  larger study. Infants completed all procedures in the
same  darkened sound-attenuated room while seated in the
mother’s  lap.
2.2.1.  Eye tracking
Stimuli:  Eye-tracking was used to identify the pres-
ence of any group differences in face scanning behavior
that might account for ERP differences. Stimuli comprised
three color photographs of an unfamiliar smiling female
face:  one represented the original face, the other two
depicted the same face with different eyes or a different
mouth (Key et al., 2009). The stimuli were presented cen-
trally  on a 19 in. LCD monitor. The entire image size was
13.25  in. (w) × 10.5 in. (h), with the head measuring 6.50 in.
(w)  × 7.35 in. (h). Only eye tracking data for the original face
(always presented ﬁrst) were used in this study.
Procedure: Eye tracking data were collected using a
table-top camera (Tobii x50 series) positioned 20 in. in
front  of the infant seated in the mother’s lap (infant’s eye to
image  distance was  approximately 23 in.). Using ClearView
software, each stimulus was presented twice for 5 s with
a  3-s interstimulus black screen. Prior to the recording of
eye  gaze data, a 5-point calibration using infant-friendly
moving images (colorful toys presented against black back-
ground)  was performed to ensure accuracy of eye tracking
data.  Similar to the procedures described in Merin et al.
(2007),  calibration data were collected while a researcher
in  the room with the participant observed that the infant
was  looking at the screen and an eye-tracker operator in
the  control room veriﬁed that the eye tracker camera was
detecting infant’s eyes. After calibration, the plot of gaze
data  was  examined and points with poor quality data were
re-calibrated until usable calibration was obtained for each
of  the ﬁve regions of the screen.2.2.2. ERP acquisition
Stimuli:  Stimuli were color photographs of each infant’s
mother (a head shot with a smiling facial expression
A.P.F. Key, W.L. Stone / Developmental Cognitive Neuroscience 2 (2012) 244– 255 247
Table 2
Means (SE) of ﬁxation number and duration (expressed as % of the total ﬁxations/looking time) on the stranger’s face for sibs-ASD and TD infants.
Region of interest Fixation count Fixation duration
TD Sibs-ASD TD Sibs-ASD
Eyes .258 (.079) .249 (.069) .258 (.087) .274 (.076)
Mouth  .253 (.081) .316 (.071) .278 (.081) .284 (.071)
Face  (not eyes or mouth) .385 (.076) .363 (.066) .389 (.080) .383 (.070)
Hair  .039 (.022) .005 (.019) .032 (.018) .006 (.016)
Neck  .053 (.037) .049 (.033) .036 (.029) .038 (.026)
Wall .011 (.012) .018 (.011) .007 (.009) .014 (.008)
Eyes/mouth index .415 (.126) .466 (.110) .411 (.128) .415 (.112)taken against a light-colored neutral background) and
a  stranger (photograph of another participant’s mother,
taken against the same background). Clothing details were
masked  using the same light-yellow drape for all pictures.
Strangers were matched to mothers on race, eyewear and
hair  color. The photographs subtended a visual angle of
20.93◦ (w) × 16.75◦ (h), and therefore appeared close to
life-size.
Procedure: A high-density array of 124 Ag/AgCl elec-
trodes embedded in soft sponges (Geodesic Sensor Net, EGI,
Inc.,  Eugene, OR) was used to record infant ERPs. Electrode
impedance levels were adjusted to less than 40 kOhm.
Data were sampled at 250 Hz with ﬁlters set to 0.1–30 Hz.
During  data collection, all electrodes were referred to Cz
(re-referenced ofﬂine to an average reference). Each par-
ticipant  was tested while seated in the parent’s lap in
a  darkened sound-attenuated room. ERPs were obtained
using a passive (i.e., not requiring a behavioral response)
oddball paradigm that included 100 trials. The mother’s
face served as the standard stimulus and was presented on
70%  of the trials. The stranger’s face served as the deviant
and was presented on 30% of the trials. Each trial began
with a 500 ms  ﬁxation point (black plus sign on a white
background) followed by a 1000 ms  presentation of the face
stimuli.  The stimuli were presented against a black back-
ground in the center of the computer screen positioned
90 cm in front of the participant. Interstimulus interval
varied randomly between 1100 and 1600 ms  to prevent
habituation to stimulus onset.
Recording of the brainwaves was controlled by Net
Station software (v. 4.1; EGI, Inc., Eugene, OR). Stimulus
presentation was controlled by E-Prime (v. 1.1, PST, Inc.,
Pittsburgh, PA). During the entire test session, a researcher
in  the control room continuously monitored infants’ elec-
troencephalogram (EEG) while another researcher present
in  the testing room observed infants’ behavior. Stimulus
presentation occurred only when the EEG was free of motor
artifact  and the infant was quiet and looking at the monitor.
During periods of inattention and/or motor activity, stimu-
lus  presentation was suspended and the researcher present
in  the testing room redirected infants to the computer
screen using a battery-operated toy wand with ﬂashing
spinning lights. If that was not sufﬁcient to attract infant’s
attention, the stimulus on the screen was temporarily
replaced by a baby-friendly video (Baby Einstein series).
Presentation of the face stimuli resumed as soon as the
infant  looked at the screen.2.3.  Measures of social and communicative functioning
During the visit, mothers of the infants completed
three subscales of the Vineland Adaptive Behavior Scales-
II  Parent/Caregiver Rating Form (VABS-II; Sparrow et al.,
2005):  Receptive Communication, Expressive Communica-
tion, and Interpersonal Relationships. These subscales were
selected  a priori because they measure constructs that are
most  directly social and communicative behaviors, i.e., lis-
tening  and understanding, using sounds and gestures to
communicate, and relating to others. These subscales yield
standardized v-scores with a mean of 15 and a standard
deviation of 3. All infants in the study obtained v-scores
within the average range (see Table 1). One out of 35 infants
(2.8%  of the sample) had missing data for two  of the three
subscales, and one infant (2.8% of the sample) had miss-
ing  data for one of the three subscales. Missing data were
single-imputed with the EM algorithm (Rubin, 1987). After
imputation, the ratios of old to new means and standard
deviations for each subscale were all between .988 and
1.02.
2.4.  Data analysis
2.4.1.  Eye tracking
Due  to hardware failures or lack of infant cooperation
(i.e., not looking at the screen), eye tracking data were
available for 13 of the 20 typical infants (65%) and for 11
of  the 15 infants in the sib-ASD group (73%). Means and
standard deviations for number and duration of ﬁxations
combined across the two  5-s trials for infants who provided
usable data are presented in Table 2. Using ClearView anal-
ysis  tools, each infant’s eye gaze data were quantiﬁed as
the  number and duration of ﬁxations within the follow-
ing  regions of interest (ROIs): eyes, mouth, face (other than
eyes  and mouth), hair, neck, wall background (Fig. 1). A
ﬁxation  was  deﬁned as having a radius of at least 50 pixels
and  the minimum duration of 100 ms.  To control for indi-
vidual  differences in attention to the stimuli, data for the
number  and duration of ﬁxations within regions of interest
were  expressed as proportion of the total ﬁxations for the
stimulus  face. Also, to better reﬂect individual differences
in  looking to the eyes vs. the mouth region, an eyes–mouth
index (EMI: a ratio of ﬁxations to the eyes to the total ﬁx-
ations  to the eyes and mouth combined) was computed
using the procedures outlined by Merin et al. (2007). Group
differences in the number and duration of ﬁxations on
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he stranger’s face were analyzed for each region of inter-
st  using Group (2) × ROI (6) repeated measures ANOVAs.
igniﬁcant effects were followed up using paired t-tests.
roup differences in EMIs were computed using two-tail
ndependent group t-tests..4.2.  ERPs
Individual ERPs were derived by segmenting the ongo-
ng  EEG on stimulus onset to include a 100-ms prestimulus
Fig. 2. Layout of the 128-channel net and the e
riginally utilized by Reynolds and Richards (2005).ive Neuroscience 2 (2012) 244– 255
baseline and a 700 ms  post-stimulus interval. To avoid bias-
ing  the results due to a largely uneven number of standard
and  deviant trials (Thomas et al., 2004), only the standard
trials preceding a deviant stimulus were selected for the
analysis. Resulting segments were screened for artifacts
using the default computer algorithms included in NetSta-
tion  and then followed by a manual review. The automated
screening criteria were set as follows: for the eye chan-
nels, voltage in excess of 140 V was  interpreted as an eye
blink  and voltage above 55 V was  considered to reﬂect eye
movements. Any channel with voltage exceeding 200 V
was  considered bad. Trials contaminated by eye or move-
ment  artifacts and trials with more than 15 bad channels
were excluded from the analysis. The remaining ERPs were
averaged, referenced to an average reference and baseline
corrected. For a data set to be included in the statistical
analyses, individual condition averages had to be based on
at  least 10 trials. Trial retention rates were generally sim-
ilar  across stimulus conditions and groups (Typical group:
M  standard = 18.00 ± 4.52, M stranger = 16.70 ± 3.39; sibs-
ASD:  M standard = 15.93 ± 5.01, M stranger = 13.73 ± 3.61),
although compared to sibs-ASD, typical infants had more
trials  retained in the stranger condition, t(33) = 2.48, p = .02.
To  reduce the number of variables in the statistical
analyses, only electrodes corresponding to the loca-
tions commonly used to measure N290/P400 (left and
right  posterior temporal regions; Halit et al., 2003; Key
et  al., 2009; Scott and Nelson, 2006) and Nc responses
lectrode clusters used in the analyses.
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Table 3
Mean  and SD of average amplitude and latency measures.
Mother Stranger
TD Sibs-ASD TD Sibs-ASD
M SD  M SD M SD M SD
N290
Mean amplitude
Left  temporal 1.83 7.53 −3.84 8.07 3.21 9.59 .10 6.94
Right temporal −.79 8.14 −2.42 6.57 −1.51 9.44 .99 7.55
Latency
Left temporal 305.12 28.29 307.25 30.36 302.44 28.27 297.87 30.69
Right temporal 307.40 25.60 304.53 31.24 309.88 24.50 301.87 32.15
P400
Mean amplitude
Left  temporal 5.28 7.81 −2.00 7.87 7.49 10.33 2.70 10.03
Right temporal 2.16 7.73 .04 6.66 2.42 9.90 2.88 8.49
Latency
Left temporal 405.44 24.94 414.24 33.34 420.64 19.23 404.80 35.89
Right temporal 407.96 26.74 397.07 32.69 423.24 20.92 399.20 29.70
Nc
Mean amplitude
Frontal midline −.21 5.73 1.38 5.82 −.87 8.32 −2.95 6.86
Central midline −2.68 7.26 .21 5.58 −3.12 6.03 −1.13 4.04
60
52Latency
Frontal midline 482.37 54.79 503.69 
Central midline 456.17 52.87 457.24 
(frontal/central midline; de Haan and Nelson, 1997; de
Haan  et al., 2003; Key et al., 2009) were selected a
priori using the speciﬁc clusters identiﬁed by Reynolds
and Richards (2005); see Fig. 2. Next, within each clus-
ter,  peak latency and mean amplitude measures were
obtained for N290 (250–350 ms), P400 (350–450 ms), and
Nc  (400–600 ms)  peaks using NetStation statistical extrac-
tion  tool (see Table 3 for summary data). Latency windows
were determined based on previously published stud-
ies  and through the examination of the grand-averaged
waveform. Data from individual electrodes within each
cluster  were averaged together. Resulting values were ana-
lyzed  separately for amplitude and latency measures of
each  of the three ERP responses using repeated measures
ANOVAs with Group (2: ASD, TD) × Condition (2: mother,
stranger) × Electrode (2: posterior temporal left/right for
N290/P400 or frontal/central midline for Nc) factors and
Huynh–Feldt correction. Signiﬁcant main effects and inter-
actions  were followed by planned comparisons targeting
mother–stranger differences.
Additionally,  we examined correlations between VABS-
II  V-scores on Receptive and Expressive Communication
and Interpersonal Relationships subscales and ERP ampli-
tude  and latency measures.
3.  Results
3.1. Eye tracking
There  was a main effect of ROI for both number,
F(5,105) = 13.436, p < .0001, partial 2 = .390, and duration
F(5,105) = 13.879, p < .0001, partial 2 = .398, of ﬁxations
(see Table 2 for summary data). Follow-up post hoc analy-
ses  noted that infants ﬁxated more on the stimulus face,
its  eyes and mouth than on hair, neck, and background.408 477.73 43.66 486.22 61.78
.14 467.70 54.82 481.60 58.70
wall (all ps < .003). There were no signiﬁcant differences in
ﬁxations  within these subgroups of the ROIs: for the eyes
vs.  mouth vs. face region, or the hair vs. neck vs. wall, all
ps  = .164–.780. There were no group differences in the EMI
for  the number or duration of ﬁxations (ps = .760–.644).
3.2. ERPs
3.2.1. Face-speciﬁc N290/P400 responses
Amplitude: Overall, the main effect of Condition was
observed for both peaks, N290: F(1,33) = 5.037, p = .032,
partial 2. = .132, and P400: F(1,33) = 7.442, p = .010, partial
2. = .184. For all infants, regardless of risk group, responses
to  the stranger’s face had smaller (less negative) N290
amplitudes, t(34) = 1.927, p = .06, d = .356, and larger (more
positive) P400 amplitudes, t(34) = 2.523, p = .016, d = .427
(see  Fig. 3). There were no group-related differences in the
amplitude of N290/P400 responses.
Latency: There were no signiﬁcant group or con-
dition main effects for the N290 latency. However,
a Condition × Group interaction was present for P400,
F(1,33) = 4.892, p = .034, partial 2. = .129. Follow-up anal-
yses  indicated that the two infant groups differed in
the  latency of P400 to the stranger’s face, F(1,33) = 6.748,
p  = .014 due to longer latency in the typical sample. Further-
more,  only typical infants demonstrated a mother–stranger
difference in P400 latency, such that the stranger’s face
was  associated with a delayed response compared to the
mother’s  face, t(19) = 3.462, p = .003, d = .774.
3.2.2. General familiarity/novelty Nc response
Amplitude: The main effect of Condition was  observed
for Nc, F(1,33) = 4.625, p = .039, partial 2. = .123, due
to  the stranger’s face eliciting a larger (more negative)
response, t(34) = 2.333, p = .06, d = .394 (Fig. 4). There were
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Fig. 3. ERPs in response to familiar and novel faces for left and right posterior temporal clusters in sibs-ASD (top row) and typical infants (bottom row).
Fig. 4. ERPs in response to familiar and novel faces for frontal and central clusters in sibs-ASD (top row) and typical infants (bottom row).
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no signiﬁcant main effects or interactions involving Group
or  Electrode factors.
Latency:  There were no signiﬁcant group or condition
differences in the latency of Nc.
3.3. Brain–behavior relations
To  examine the contribution of psychophysiological dif-
ferences  to the risk group assignment accuracy, a series of
binary  logistic regressions were conducted. Given signif-
icant  group differences in parental reports of expressive
communication skills (typical infants: M = 14.80 ± 1.51;
sibs-ASD: M = 12.60 ± 1.80; p < .0001), the v-score for that
subscale  was entered into the regression ﬁrst, followed by
the  latencies of P400 to mother’s and stranger’s face. The
results  are presented in Table 4. Overall, only the amplitude
of  the P400 response to the stranger’s face was associated
with an increase in the classiﬁcation accuracy above and
beyond  what would be predicted based on group differ-
ences in expressive communication scores.
Examination of correlations between ERP measures in
response to familiar and novel faces and parental report of
social  and communicative skills (VABS-II scores) indicated
that  better expressive communication and interpersonal
skills were associated with smaller, less negative N290
(r  = .410, p = .015 and r = .434, p = .009, respectively) and
larger, more positive P400 (r = .434, p = .009 and r = .420,
p  = .012, respectively) responses to mother’s face over the
left  hemisphere. Furthermore, shorter latency of the cen-
tral  Nc to mother’s face was related to better interpersonal
skills (r = −.385, p = .022). There were no signiﬁcant cor-
relations between VABS-II scores and ERP responses to
stranger’s face.
4.  Discussion
This study examined psychophysiological responses to
familiar  and novel faces in sibs-ASD and in typical infants,
and  investigated whether sensitivity to face familiarity is
associated  with infants’ social and communicative behav-
iors.  Our results indicate that the two infant groups are
similar  in their ability to detect differences between faces
of  their mothers vs. strangers, and that ERP responses to
the  mother’s face are related to infants’ expressive com-
munication and interpersonal relationship behaviors. The
speed  of P400 response to the stranger face was  the only
measure on which sibs-ASD and typical infants differed.
In  line with previous reports (e.g., Merin et al., 2007),
we observed no signiﬁcant differences in the stranger face
scanning  behaviors of sibs-ASD and typical infants, as there
were  no group differences in the number or duration of
ﬁxations on the stimulus face in general or on its indi-
vidual features (eyes or mouth). While it may  be possible
that more trials and/or a longer total viewing time (greater
than  10 s) during the eye tracking would reveal more subtle
group  differences in face scanning strategies, the observed
similarity in eye tracking data is consistent with a num-
ber  of recently published papers identifying 12 months as
the  age after which behavioral symptoms of autism are
more  clearly and consistently present (Nadig et al., 2007;
Zwaigenbaum et al., 2005). A recent eye tracking study intive Neuroscience 2 (2012) 244– 255 251
2–4-year-old children with ASD also demonstrated that
atypical face scanning becomes more pronounced over
time  (Chawarska and Shic, 2009). The lack of group dif-
ferences in eye tracking data is also in line with ﬁndings in
children  and adults with ASD, indicating that alterations
in  face scanning (e.g., enhanced ﬁxations on the mouth,
Dalton et al., 2005; Joseph and Tanaka, 2003) are not uni-
versal  and may  be limited to certain cognitively demanding
tasks (see Jemel et al., 2006 for review). Our eye track-
ing paradigm would not be considered demanding because
only  a single face was presented in its complete, natu-
ral  form (i.e., no features missing or rearranged), there
was  no task related to stimulus viewing, and no behav-
ioral response was required. Importantly, the lack of group
differences in the distribution and duration of ﬁxations
observed in the present study also suggests that group dif-
ferences  present in ERP measures of face recognition are
not  due to differences in attention to facial elements across
the  two  infant groups.
Analysis  of the brain responses to the familiar and novel
face  stimuli revealed that, similar to previous infant stud-
ies  of face processing (de Haan et al., 2003; Nelson, 2001;
McCleery et al., 2009; Pascalis et al., 2002), posterior N290
and  P400 peaks as well as fronto-central Nc responses
were present in averaged ERPs of both infant groups. As a
group,  typical infants and sibs-ASD differentiated between
their  mothers and strangers, as reﬂected in amplitude
modulations of face-speciﬁc posterior N290/P400 and the
novelty-sensitive fronto-central Nc response.
The larger N290 to the familiar face observed in the
present study is consistent with the interpretation of
more  extensive face processing given to familiar faces, as
reported  in prior studies in typical adults (Caharel et al.,
2002,  2005; Heisz and Shedden, 2008), infants (Scott
et  al., 2006), and in persons with ASD (Pierce et al., 2004).
However, this ﬁnding appears to be at odds with a previous
report of smaller N290 responses to familiarized than novel
faces  (Key et al., 2009). These differences in results may
be  due to the nature of the stimuli and the implicit task
employed in the two  studies. In the Key et al. (2009) study,
all  stimuli involved the same initially unfamiliar face,
with one of its features occasionally replaced by the same
feature  from a different novel face. Prior studies in adults
reported a reduction in the amplitude of N170 in response
to  repeated presentations of unfamiliar faces, while no
reduction was observed for repetitions of the familiar,
personally signiﬁcant faces (Heisz et al., 2006; Heisz and
Shedden, 2008). Furthermore, detection of the deviant
stimulus in Key et al. (2009) required a featural level of pro-
cessing.  An increase in the N290 response was observed in
response  to the novel eyes, consistent with reports that the
eyes  are critical for the activation of face-speciﬁc percep-
tual  mechanisms (Bentin et al., 2006). In the present study,
we  used faces of infants’ mothers (to ensure sufﬁciently
extensive familiarity) and strangers; thus the difference
between the stimuli was  not limited to a single feature
and could be detected at the holistic/conﬁgural level of
processing because all facial elements and their arrange-
ment varied across the familiar/novel conditions. A more
familiar  mother’s face could also carry additional emo-
tional  signiﬁcance, making it more easily recognizable as
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Table 4
Summary statistics for the binary logistic regression analyses.
Variable(s) entered Step 1 Step 2
Model 1 B SE 2 B SE 2
V expressive 0.582 0.225 6.681* 0.793 0.285 7.749*
P400 latency to stranger’s face 0.067 0.026 6.439*
P400 latency to mother’s face −.021 .022 .909
R2 0.317 0.576
%  correctly classiﬁed
Sibs-ASD 66.7 73.3
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* Values signiﬁcant at p < .015.
 face and activating face-speciﬁc perceptual mechanisms
Pizzagalli et al., 2002; Vuilleumier et al., 2004).
The ﬁnding of larger P400 amplitudes for the stranger
han mother’s face is also in line with previously reported
esults. In typical infants, larger amplitudes were observed
or  the less familiar faces (Scott et al., 2006) and for inverted
other’s faces (Balas et al., 2010). Functionally, increase in
he  P400 amplitude can be attributed to greater reliance
n  featural processing (Balas et al., 2010) and greater
isual attention or memory search and updating (Swingler
t  al., 2010). Similar amplitude modulations have been
eported in typical adults and in adults with ASD for the P2
eak  that immediately follows N170, with larger responses
licited by repeated novel than familiar faces (Caharel et al.,
002;  Webb et al., 2010). However, Carver et al. (2003)
eported that increased P400 to a stranger’s compared to
he  mother’s face is present only infants over 45 months
f  age, while infants under 24 months generate a larger
400 to their mother’s faces. Our ﬁnding of a larger P400
o  stranger’s face in a younger infant sample could be
ttributed to the fact that all stimulus faces displayed a
appy  expression, while Carver et al. used neutral faces.
ross  and Schwarzer (2010) demonstrated that in 7–9-
onth-old infants, facial recognition is enhanced when
aces  have emotional compared to the neutral expressions.
Mother–stranger fronto-central Nc amplitude differ-
nces observed in our sample are consistent with previous
eports of larger amplitudes to novel faces (Courchesne
t al., 1981; Reynolds and Richards, 2005). The lack of group
ifferences on this measure may  reﬂect the similarity in the
verall  perceptual and attentional strategies employed by
-month-old sibs-ASD and typical infants for the purpose
f  familiarity/novelty stimulus classiﬁcation. Similar ﬁnd-
ngs  have been reported for 12-month-old sibs-ASD and
ypical  infants (Luyster et al., 2011).
Group differences were present only in the form of
timulus familiarity effects on the P400 latency. While
nfants in both groups demonstrated similar stimulus-
elated changes in the amplitude of ERP responses, there
as  a difference in the speed of P400 response to the
tranger’s face, as it peaked later in the typical group than
n  sibs-ASD. Furthermore, only the typical group demon-
trated P400 latency differences between the mother’s and
tranger’s  face, whereas for the sibs-ASD group, both stim-
li  elicited P400 responses with nearly identical latencies.
ncluding P400 latency data in a binary logistic regression
mproved risk group classiﬁcation accuracy for sibs-ASD85
above  and beyond what could be accomplished based on
the  parental report of expressive communication skills.
Prolonged P400 to the stranger face observed in typical
infants suggested that novel faces required a slightly longer
perceptual analysis or more extensive memory search than
the  familiar face, perhaps due to underlying differences
in the approach (e.g., holistic/conﬁgural approach for the
familiar  face vs. featural for the stranger face, e.g., Sterling
et  al., 2008). Indeed, prior studies in typical 12-month-olds
reported longer P400 latency for monkey than human faces
and  for inverted vs. upright faces (Halit et al., 2003).
There are several possible explanations for the absence
of  this effect in sibs-ASD. First, it is possible that this group
of  infants is less likely to modulate their face perceptual
processes based on familiarity and more likely to process
stranger and mother faces in a similar holistic fashion by
relying  on only general perceptual properties (e.g., eyes
above  the mouth). Because one of the two  stimuli used
in  the study was a highly familiar mother’s face, a holistic
approach could be sufﬁcient for mother–stranger discrim-
ination. In contrast, typical infants may  engage in more
ﬂexible strategy selection by choosing potentially faster
holistic processing for familiar faces and slower featural
strategies for novel stimuli. Previously reported ﬁndings
indicate that featural information is utilized for face dis-
crimination even in the expert face processing of typical
adults (same/different judgments; Rotshtein et al., 2007).
From  a social-emotional development standpoint, reduced
ability  of sibs-ASD to alter face processing strategy based
on  situational demands (e.g., differences in familiarity) may
indicate  reduced ﬂexibility in their social information pro-
cessing  (and may  potentially be related to the general
preference for order and sameness and behavioral rigid-
ity  commonly noted in children and adults with ASD).
Mother–stranger discrimination in the present study was
a  relatively simple task, and any one strategy (e.g., holis-
tic  or featural processing) could be successful. However,
because everyday interactions are much more complex and
dynamic  in nature, sibs-ASD may  be less able to adapt their
behavior  quickly based on available relevant information,
and therefore more likely to be unsuccessful. Increased
frequency of negative social outcomes could then lead to
avoidance of social situations, lack of experience with faces
and  other social challenges.
It  is also possible that P400 latency measures reﬂect
more global differences in social development of the two
infant  groups. In a recent study of 6-month-old typical
al CogniA.P.F. Key, W.L. Stone / Development
infants, prolonged P400 latency to stranger faces was asso-
ciated  with longer periods of searching for the mother
during separation and interpreted to reﬂect individual
differences in the developing mother–infant relationship
(Swingler et al., 2010). A more established early social bond
(e.g.,  a stronger preference for the mother) could affect
how  infants allocate neural resources for face processing
by considering familiarity when selecting face processing
strategies. An infant with less developed social ties may
give  less consideration to familiarity (despite the ability
to  detect physical differences in faces) and therefore not
alter  his/her face processing strategy. Future studies will
need  to include an objective measure of attachment to fully
examine  this possibility.
Alternatively, the lack of a mother–stranger latency
difference in the sibs-ASD group could reﬂect faster habitu-
ation  to and/or reduced interest in the novel stimulus. Prior
studies  utilizing an oddball paradigm report that infants
as  young as 4–7 months old are able to remember a fre-
quently presented novel face (Courchesne et al., 1981). The
infants  in our study viewed the stranger’s face 30 times
over  the course of 6–8 min, so the total looking time could
be  a high as 30 s, and in the Scott and Nelson (2006) study,
8-month-old infants were considered to become familiar
with  the face after 20 s of accumulated looking time. How-
ever,  even if the stranger’s face did lose some of its novelty,
it  still remained less familiar than the mother’s face due
to  vast differences in the overall exposure time (seconds
vs.  months). The presence of mother–stranger differences
in the amplitudes of the N290/P400 and in particular, the
Nc  response, which speciﬁcally reﬂects stimulus novelty
(Reynolds and Richards, 2005), also argues against this
explanation.
While  risk group membership was best predicted using
the  speed of P400 response to the stranger’s face, it was the
response  to the more familiar mother’s face that correlated
with parental reports of social-communicative behaviors.
In  particular, better interpersonal skills were associated
with faster processing of the familiar face (reﬂected by
the  correlation with the Nc latency), reduced engage-
ment of the face-speciﬁc perceptual mechanisms (smaller
N290)  and greater reliance on memory (larger P400) over
left  hemisphere. Prior infant studies of face processing
associated left-hemisphere ERPs with featural processing
(Deruelle and de Schonen, 1998; Scott and Nelson, 2006).
Therefore, reduction in N290 and increase in P400 ampli-
tudes  over the left hemisphere observed in infants with
more  advanced social skills could be indicative of their
shifting from featural face processing to more conﬁgural
and memory-based processing of familiar faces.
Although many of our ﬁndings are consistent with
the existing literature, the present study has several
limitations. While not unusual in size for an ERP study,
the  sample of sibs-ASD was relatively small, and given
the  estimated prevalence rates for ASD among siblings
of  children with the diagnosis, unlikely to have included
many children who will receive a later ASD diagnosis.
Indeed, our group of sibs-ASD discriminated familiar from
novel  faces in a manner largely similar to that of typical
infants, in contrast with previous ﬁndings that preschool-
ers  with ASD failed to demonstrate P400 or Nc modulationtive Neuroscience 2 (2012) 244– 255 253
in  response to familiar vs. novel faces (Dawson et al.,
2002). However, results from previously published studies
of  sibs-ASD suggest that early group differences may  be
due  to the elevated risk status/genetic vulnerability of this
group  and are not necessarily driven by the minority who
receive  a later diagnosis of ASD (Stone et al., 2007). Thus,
the  observed differences in the ERP responses affected by
stimulus  condition manipulations (e.g., mother–stranger
differences in P400 latency) suggest that even though most
of  sibs-ASD may  not receive an ASD diagnosis, their brain
mechanisms underlying face processing may  be altered
(e.g., see Dawson et al., 2005 for evidence of atypical face
processing in unaffected parents of children with ASD).
Although the P400 latency to the stranger’s face differed
between the participant groups and increased risk group
classiﬁcation accuracy, it is possible that this ERP variable
is  not predictive of either an ASD diagnosis or other cogni-
tive  or behavioral differences at later ages (e.g., see Merin
et  al., 2007; Young et al., 2009). A follow-up diagnostic
assessment as infants in our sample get older is the only
way  to determine the speciﬁc relation between individual
differences in brain responses to stranger faces, parent-
reported communicative skills and later developmental
outcomes. A ﬁnal limitation of the study is the reliance on
parental  report of social and communication skills. While
the  VABS-II is a valid measure, a more direct observa-
tions of early language and social skills (e.g., via the ESCS)
would  strengthen future work. Similarly, future studies
should take advantage of recent technological develop-
ments allowing for co-registration of eye tracking and
ERP  data to allow for more precise characterization of
behavioral and psychophysiological proﬁles of sibs-ASD
and  typical infants.
In  conclusion, our results extend recent ﬁndings that
infants at a higher than average risk for ASD discriminate
familiar and novel faces by demonstrating that sibs-ASD
differ from typical infants in their face processing strategies
as  reﬂected by the lack of P400 latency modulation across
conditions. Furthermore, these strategy differences are
not  evident in face scanning behaviors (i.e., no detectable
avoidance of the eye region or increased attention to the
mouth  area as frequently reported in older children with
ASD),  and are observed prior to 12 months of age. Addi-
tional longitudinal follow-up that includes a diagnostic
assessment is needed to examine the predictive value of
the  observed individual differences in ERPs to familiar and
novel  face stimuli as a marker of risk for social impairments
or autism spectrum disorders.
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